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ABSTRACT 



A plasma generating apparatus capable of improving the 
uniformity of a plasma processing and coping with a larger 
diameter of a substrate is obtained. Microwaves are distrib- 
uted and emitted from a waveguide through the branching 
portions of a T branch to four rod antennas. The microwaves 
are introduced through four dielectric tubes into a vacuum 
vessel. In the vacuum vessel, a multi-cusp magnetic field 
and an electron cyclotron resonance region are caused by 
permanent magnets located around the vessel and, by an 
interaction between a vibrational electric field of the micro- 
waves and a magnetic field, highly uniform plasma is 
generated in a region where a substrate or the like is 
subjected to a plasma processing. 

8 Claims, 10 Drawing Sheets 
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PLASMA GENERATING APPARATUS VVTTH 

MULTIPLE MICROWAVE PRODUCING -face a betweeD dielec . 

Ml ^ 5 trie plate 120 and plasma 108. The microwaves are absorbed 

CROSS-REFERENCE TO RELATED 5 by plasma 108 being propagated. As a result, in the vicinity 

CROSS ™2r^oN of foe surfaC e of dielectric plate 120, electrons are acceler- 

aiiup. at ed by the vibrational electric field of the surface waves, 

This application is related to co-pending application of attaining a high-energy state. The generated plasma 108 of 

US. Ser. No. 09/031,706, filed Feb. 27, 1998, now U.S. Pat. high density ^ mus dispersed. 

No. 6,054,016, issued Apr. 25, 2000, commonly assigned to 1Q Howeyer> since dielectric plate 120 is located only on the 

the same applicant. upper s id e of vacuum vessel 101 in the conventional plasma 

eeneratine apparatus as shown in FIG. 21, there caused a 

BACKGROUND OF THE INVENTION S^Si^Stoowavc introduction between the portions 

1 Field of the Invention near and remote from dielectric plate 120. It causes electrons 

by using generated plasma. m ^ ^ uniform ^ the proce ^ ing of 

2. Description of the Background Art substrate 107 tends to be non-uniform. This may affect the 

Plasma generating apparatuses for generating plasma by ^ aCt i oa 0 f a semiconductor device, preventing the larger 

the electromagnetic energy of surface waves which are 2J diameter of substrate 107. 

excited and propagated at a boundary of plasma ana a ^ bfems above> ^ inventors 

surface of a dielectric used for introducing microwaves into man generating apparatus in which a dielectric 

a vacuum vessel have been used as a plasma generating proposed JJ^ ^ m ^ ^ m 

apparatus using microwaves. A convenuonal plasma gener- desC ribed in the co-pending application 

ating apparatus will be described below with reference to x Ser! No. 09/031,706, filed Feb. 27, 1998 now U.S. 

FIGS. 21-24. Pat. No. 6,054,016. 

As shown in FIG. 21, a surface wave p asma gemtfUK generating apparatus, the vacuum vessel is 

apparatus mainly used as a conventional <^ 8"""« of a 5umS and dielecuic tube 110 is arranged in the 

apparatus includes a vacuum vessel 101, a ™«™ave ££™^ p ^ uniform introduction of the 

oscillator 102, a driving power supply 103, . waveguide 105 3S JgJ^™^ 1 £Ut direction . mi crowaves and a 

and a dielectric plate 120. Vacuum vessel 101 has a gas ^^SSicfcld 113 generated from magnets 111 

supply port 101* for supplymg a gas for discharguig elec- ^JnTproXave to generate and maintain the plasma, 

irons (discharge gas) and a gas evacuation port lOlfr for » * a uniform 

evacuating the discharge gas which are provided ir, , the «J^™ ^ 108 in the neight direction of the 

vessel A substrate 107 for various processings is placed on w aistnouuon oi V"* 

uTtower side of the interior of vacuum vessel 101. on the column-shaped vacuum vessel. 

u^rsMeofmeinteriorofvacuumvessellOlareprovided ^ r '^^^SjJn^™"^2 

whh a slit 106 and a dielectric plate 120 placed immediately one antenna 109 and one dielectric tube uw, m ' c ™*av C 

described. First, a high vacuum pump (not shown) such as 50 SUMMARY OF THE INVENTION 

mteowavS are emitted to waveguide 105. The microwaves A plasma generating apparatus according to one aspect of 

SStoS^^fc 105 and they are emitted from a 60 the present invention for achieving the object described 

^ZTt^iZon circuit through sfit 106. The emit- above includes a microwave generating portion for gener- 

ted mtowaves pass through dielectric plate 120 located on ating microwaves, a microwave transmitting portion for 

i?Z3L P tfvacuJn vessel 101 and they are intro- guiding the microwaves generated by the 
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euided from the microwave transmitting portion into the processing region can be improved by the microwave emit- 
vacuum vessel, and a microwave introducing portion for ting portion having a simpler ■ structure, 
introducing the microwaves emitted by the microwave emit- In another preferred embodiment of the plasma generating 
tingportionintomevacuumvesseUorgeneratingplasmain apparatus having a structure dc fi ^^ 
ap^^ S 

the vacuum vessel, the microwave emitting portion jmclud- gen ^ tes a multi<usp magDe uc 

ing a portion for emitting the microwaves for a plurality of ^ ^ rf Ji^ ^ of ^ vacuum 

locations in the vacuum vessel, and the ™crowave intro- ^ & a cydotron phenomenon by a magnetic 

during portion including a portion for introducing the micro- efifect ^ plasma exists without colliding 

waves emitted from the microwave emitting portion to a 10 ^ ^ mQer waU of me vacuum vesseL me gener- 
plurality of parallel locations on the plasma processing afcd plasma easily keeps its state . Therefore, the uniformity 
region in the vacuum vessel 0 f me plasma processing in a desired plasma processing 

By thus structuring the plasma generating apparatus region is further improved, and it is also possible to cope 
according to the present invention, the microwave emitting ^th a larger diameter of a substrate as an object for the 
portion includes a portion for emitting the microwaves to a 15 plasma processing. 

plurality of locations parallel to the direction along the Although quartz is typically used as a dielectric material 
plasma processing region in the vacuum vessel, so that the f orm ing the microwave introducing portion, other dielectric 
microwaves are emitted for the plurality of locations on the ma terials may also be applied. A preferable example is a 
plasma processing region and plasma is generated at the dielectric material consisting of one or more materials 
plurality of locations. Therefore, plasma having a more 20 ^j^ted f rom me gr oup of high molecular materials such as 
uniform density distribution in the direction along the quartz, Pyrex glass and Teflon, and ceramics, 
plasma processing region can be generated than when the {n anot her preferred embodiment of the plasma generating 

microwaves are emitted for only one location as in the prior apparatus according to the present invention, the microwave 
art. Thus, the uniformity of a plasma-processing in the transmitting portion has a microwave distribution portion for 
plasma processing region is improved, and a plasma gener- 25 distributing the microwaves generated from the microwave 
ating apparatus can be provided which can cope with a larger geQe rating portion to supply power to the microwave emit- 
diameter of a substrate as an object for the plasma process- ^ mat the microwaves can be introduced to a 

ing. plurality of parallel locations on the plasma processing 

Although a waveguide is mainly used as a microwave ^ region, 
transmitting portion, it may be replaced by a flexible mem- j Q another preferred embodiment of the plasma 

ber such as a coaxial cable or a corrugated tube according to generating apparatus according to the present invention, the 
the degree of microwave power in order to simplify the m i cr0 wave emitting portion may include a portion for 
structure of the plasma generating apparatus. successively and selectively switching the location for emit- 

The microwave introducing portion may be structured by 3S ting the microwaves among a plurality of locations. By 
arranging a plurality of tube-shaped or rod-shaped dielectric including such a switching portion, the microwave emitting 
members in parallel and inserting their respective ends into portion can successively emit, in a time-divisional manner, 
the vacuum vessel. According to this structure, a plurality of the microwaves for a plurality of locations to which the 
tube-shaped or rod-shaped dielectric members are arranged microwave are emitted. By thus emitting the microwaves, 
in parallel and inserted into the vacuum vessel, and micro- ^ microwaves having limited power generated by one power 
wave power from the microwave generating portion is supply are concentrated and emitted at one location. As a 
dispersively introduced into the vacuum vessel. Therefore, a result, the density of plasma generated at the location can be 
load on each dielectric member is reduced. increased. In this case, there is a difference in the density of 

The microwave emitting portion may be a plurality of plasma newly generated at respective locations from the 
antennas each having one end coupled to the microwave 45 viewpoint of each divided time. However, the plasma once 
transmitting portion and the other end inserted into each generated does not attenuate soon but it maintains a certain 
dielectric member. By inserting the ends of the antennas density even when emission of the microwaves is stopped, 
deep into the vacuum vessel, the location for emitting the Therefore, plasma of high density and high uniformity can 
microwaves is brought closer to a prescribed-plasma pro- be generated in a desired plasma producing region, 
cessing region, which easily increases the density of plasma 50 As the portion for successively and selectively switching 
in the plasma processing region. When a plurality of slits are the location for emitting the microwaves, the microwave 
provided instead of the antennas as the microwave emitting transmitting portion can have a microwave distributing 
portion in a preferred embodiment, such an advantage is not portion for distributing the microwaves generated from the 
achieved. However, it has a similar advantage in that the microwave generating portion to supply power to the micro- 
uniformity of the plasma density distribution in the plasma 55 wave emitting portion, and the microwave distributing por- 
processing region is improved compared with a conven- tion can include a switching portion for switching a micro- 
tional plasma generating apparatus having one slit. wave emitting portion to be supplied with the microwaves 

In a preferred embodiment of the plasma generating among a plurality of microwave emitting portion^ As 
J^Ttoving a structure described above, a driving another example of the portion for successively and sdet- 
be which moves a part of the 60 tively switching the location for «^f^^^ 

Swave emitting portion which emits the microwaves the microwave emitting portion can include a ptatoy of 
m o UaTvacuum vessel in the vacuum vessel. According to slits which are opened near one end of the microwave 
£ *£c aire the Z S^Z can be emitted at a plural^ of introducing portion, and a shutter for selecUvely shutting the 
direction along a prescribed plasma plurality of slits to switch a _ slit for emittmg the microwaves 
processing region by using a microwave emitting portion 65 between the plurality of slits. 

such as an antenna formed of a single member, and the The foregoing and other objects, features aspects and 

uniformity of the plasma density distribution in the plasma advantages of the present invention will become more 
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apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 
FIG. 1 shows a schematic structure of a plasma generating 
apparatus according to a first embodiment of the present 
invention. 

FIG. 2 is a plan view in the neighborhood of a vacuum 
vessel of the plasma generating apparatus shown in FIG. 1. 1 

FIG. 3 shows the arrangement of permanent magnets and 
the distribution of the strength of a generated magnetic field 
in the first embodiment of the present invention. 

FIG. 4 shows one variation of an antenna of the plasma J5 
generating apparatus according to the first embodiment of 
the present invention. 

FIG. 5 shows another variation of an antenna of the 
plasma generating apparatus according to the first embodi- 
ment of the present invention. 

FIG. 6 shows still another variation of an antenna of the 
plasma generating apparatus according to the first embodi- 
ment of the present invention. 

FIG. 7 shows a schematic structure of one variation of the 
plasma generating apparatus according to the first embodi- 
ment of the present invention. 

FIG. 8 shows a schematic structure of another variation of 
the plasma generating apparatus according to the first 
embodiment of the present invention. 

FIG. 9 shows a schematic structure of still another varia- 
tion of the plasma generating apparatus according to the first 
embodiment of the present invention. 

FIG. 10 shows a schematic structure of a plasma gener- 
ating apparatus according to a second embodiment of the 
present invention. 

FIG. 11 is a plan view in the neighborhood of a vacuum 
vessel of the plasma generating apparatus shown in FIG. 10. 

FIG. 12 is a plan view showing an overall schematic 
structure of a plasma generating apparatus according to a 
third embodiment of the present invention. 

FIG. 13 is a schematic diagram of distributor 30 when 
switches 35 and 36 are ON and OFF, respectively, in the 
third embodiment of the present invention. 

FIG. 14 is a schematic diagram of distributor 30 when 
switches 35 and 36 are OFF and ON, respectively, in the 
third embodiment of the present invention. 

FIG. 15 shows pulses for controlling switches 35 and 36 
of distributor 30 in the third embodiment of the present 
invention. 

FIG. 16 shows plasma generation when switches 35 and 
36 of distributor 30 are OFF and ON, respectively, in the 
third embodiment of the present invention. 

FIG. 17 shows plasma generation when switches 35 and 
36 of distributor 30 are ON and OFF, respectively, in the 
third embodiment of the present invention. 

FIG. 18 shows plasma generation when switches 35 and 
36 of the distributor are both ON in the third embodiment of 
the present invention. 

FIG. 19 shows a schematic structure of one variation of 
the plasma generating apparatus according to the third 
embodiment of the present invention. 

FIG. 20 is a plan view in the neighborhood of a vacuum 
vessel of the plasma generating apparatus shown in FIG. 19. 

FIG. 21 shows a schematic structure of a conventional 
plasma generating apparatus. 



6 

FIG. 22 shows a schematic structure of the plasma gen- 
erating apparatus proposed by the inventors in the above 
described co-pending application of U.S. Ser. No. 09/031, 
706, filed Feb. 27, 1998, now U.S. Pat. No. 6,054,016. 

FIG. 23 is a plan view in the neighborhood of a vacuum 
vessel of the plasma generating apparatus shown in FIG. 21. 

FIG. 24 shows the arrangement of permanent magnets 
and the distribution of the strength of a generated magnetic 
field in the plasma generating apparatus shown in FIG. 21. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
The embodiments of the present invention will be 
described below with reference to the drawings. 
(First Embodiment) 

A first embodiment of the present invention will be 
described based on FIGS. 1-3. As shown in FIGS. 1 and 2, 
a plasma generating apparatus includes a vacuum vessel 1, 
a microwave oscillator 2, a driving power supply 3 and a 
waveguide 5. Further, vacuum vessel 1 has a gas supply port 
20 la for supplying a discharge gas into vacuum vessel 1 and 
a gas evacuation port 16 for evacuating vacuum vessel 1 to 
obtain a vacuum state. Asubstrate 7 to be processed is placed 
on a lower side of the interior of vacuum vessel 1. On an 
upper side of the interior of vacuum vessel 1 are provided 
25 with four rod antennas 9a, 96, 9c, 9d and four dielectric 
tubes 10a, 10b, 10c, lOd in which one end of respective rod 
antennas 9a, 9b, 9c, 9d are inserted. Dielectric tubes 10a, 
106, 10c, lOrf are connected to waveguide 5. Waveguide 5 
is connected to microwave oscillator 2. Further, microwave 
30 oscillator 2 is connected to driving power supply 3. 

Permanent magnets 11 are located around vacuum vessel 
1. Permanent magnets 11 generate a cyclotron resonance 
region 12 where magnetic strength is about 875 G for 
microwaves having a frequency of 2.45 GHz, for example, 
35 in a magnetic field region where the frequency of micro- 
waves coincides with the cyclotron frequency of electrons. 
Permanent magnets 11 also generate a so-called multi-cusp 
magnetic field 13 which is a magnetic field generated 
between a plurality of N and S poles of permanent magnets. 
40 The distribution of magnetic fields are as specified by equal 
magnetic field strength lines 14 for permanent magnet 11. 
Rod antennas 9a, 96, 9c, 9d and dielectric tubes 10a, 106, 
10c, 10a* for introducing microwaves into vacuum vessel 1 
are located inside vacuum vessel 1, and magnetic strength at 
45 the microwave introduction portion is within 100 G as 
shown in FIG. 3. In this structure, plasma 8 is produced in 
vacuum vessel 1. 

As shown in FIG. 2, a T branch having branch portions 
20(3, 206, 20c is connected to waveguide 5. Microwaves are 
50 distributed from waveguide 5 to rod antennas 9a, 9b, 9c, 9d 
so that the microwaves are firstly guided to branch portion 
20a connected to waveguide 5, secondly branched off in two 
directions from branch portion 20a toward branch portions 
206 and 20c, and thirdly branched off from the both ends of 
55 the branching sides of branch portion 20a to branch portions 
206 and 20c. Thereafter, the microwaves are guided to rod 
antennas 9a, 96, 9c, 9d connected to the both ends of 
respective branch portions 206 and 20c. The microwaves are 
thus emitted from rod antennas 9a, 96, 9c, 9d into vacuum 
60 vessel 1. Here, dielectric tubes 10a, 106, 10c, 10a* are made 
of quartz, they separate the vacuum atmosphere from the 
atmosphere, and can pass the microwaves to be introduced 
into vacuum vessel 1. 
The operation of the thus structured plasma generating 
65 apparatus in this embodiment will be described below. 

First, a high vacuum pump (not shown) such as a rough- 
ing pump and a turbo-molecular pump connected to evacu- 
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alion oort 16 as in the conventional structure evacuates Since rod antennas 9a, 96, 9c, 9d and dielectric tubes 10a, 

vacuum vessel 1 to a high vacuum, and a discharge gas such 106, 10c, lOd for introducing the microwaves into vacuum 

as argon, hydrogen, oxygen, chloride, carbon tetrafluoride vessel 1 are located in the low magnetic field region, the 

and silane is supplied through gas supply port la. Tlius, the magnetic mirror rate can be increased for electrons or ions 

mteriorofvacuumvessellreachesaprescrilxdpressureby 5 generated by the power of .the surface >" 

the discharge gas. Thereafter, microwave oscillator 2 oscil- excited and propagated at the boundary of dielectric tubes 

latesmicrowavesbydrivmgofdrivingpowersupplyS.The 10a, 106, 10c, lOd and plasma 8. Thus, the magnetic 

microwaves are guided to waveguide 5. The microwaves confinement effect which acts on the charged particles is 

pass through waveguide 5 and they are distributed into four significantly strong. 

directions by branch portions 20a, 206 and 20c. Then, the In other words, by the combination of generation of 

microwaves which were guided through waveguide 5 are plasma 8 due to excitement of the surface waves m the low 

emitted from a microwave transmission circuit by rod anten- magnetic field region and confinement of the plasma by 

nas9a 96 9c, 9d coupled to branch portions 206 and 20c. multi-cusp magnetic field 13, plasma 8 of high densi y 

Thereafter the emitted microwaves pass through dielectric which exceeds the cutoff density can be produced effiemdy 

tubes 10fl, 106, 10c, lOd inserted into vacuum vessel 1 and even under a low gas pressure in the order of 10 -Torn 
thev are introduced into vacuum vessel 1. At this time, in the 15 Conventionally, rod antenna 109 and dielectric tube 110 

vicinity of an electron cyclotron resonance region 12 gen- have been provided to introduce microwave power into 

erated by permanent magnets 11, the frequency of the vacuum vessel 101 from one location as shown in FIG. 22 

microwaves coincides with the cyclotron frequency of In this embodiment I f^*^?*^**' 96 ' £*f 

electrons, which causes an electron cyclotron resonance and dielectric tubes 10a, 106, 10c, lOd introduce microwave 
phenomenon in which electrons are resonantly accelerated 20 power to the low magnetic field region in vacuum vessel 1 

by the vibrational electric field of the microwaves. Thus, from four locations. Thus, microwaves are supplied into 

electron cyclotron resonance discharging is easily caused vacuum vessel 1 from dielectric tubes 10a 106, 10c, HW at 

under a low gas pressure in the order of 10" 4 Torr, and four locations which are disposed as a whole compared with 

plasma 8 is generated in vacuum vessel 1. the case of one location. Thus, the microwaves are dispersed 
Microwave power being introduced is small after plasma 25 and uniformly supplied in the height direction and the 

8 is generated. If the density of electrons is lower than a diameter direction. Therefore, the uniformity of the p asma 

so-called cutoff density of microwaves (about 7x10*° cm" 3 density is improved, suppressing decrease of the plasma 

in the case of microwaves having a frequency of 2.45 GHz) density which is caused by recombination of electrons and 

which is a borderline as to whether microwaves can be ions in plasma 8 dispersing m the diameter direction. In this 

introduced into plasma 8 or not, the microwaves introduced 30 embodiment, a uniform processing is thus made possible for 

into vacuum vessel 1 through dielectric tubes 10a, 106, 10c, substrate 7 provided in vacuum vessel 1. When a semicoo- 

100* can propagate through plasma 8 and reach electron ductor device is provided on substrate 7 and thin film 

cyclotron resonance region 12. Therefore, resonated elec- formation, for example, by the plasma CVD method is 

irons which obtain energy from the electron cyclotron reso- performed the processing can be performed with a uniform 

nance excite, dissociate and electrically dissociate neutral 35 plasma distribution. Thus, improvement in yield can be 

eas particles on atoms or molecules and maintain generation expected. 

of plasma 8 Although quartz is used as a dielectric material in this 
If microwave power being introduced is large and the embodiment, uniform plasma generation is aUowed even if 
density of electrons in plasma 8 is higher than the cutoff quartz is replaced by one or more materials selected from the 
density, the microwaves which were introduced through 40 group of high molecular materials such as Pyrex glass and 
dielectric tubes 10a, 106, 10c, lOtf into vacuum vessel 1 Teflon, and ceramics. _ 
cannot propagate through plasma 8 and can exist as surface Although rod antennas 9a, 96, 9c, 9d, are used to emit 
wavespropagating only along a boundary between dielectric microwaves from the microwave transmission circuit in this 
tubes 10a 106 10c, XOd and plasma 8. Even in the case of embodiment, any antenna structure which can emit micro- 
plasma of high density in which the density of electrons in 45 waves such as a spiral antenna as shown in FIG. 4, a helical 
plasma 8 exceeds the cutoff density, the excited surface antenna as shown in FIG. 5, a lisitano coil as shown in FIG. 
waves propagate along the boundary without being 6 and a loop antenna (not shown) can also have the eflec 
reflected, and the energy is absorbed by plasma 8 during that the uniformity of plasma is improved. Further, the effect 
propagation. Therefore, electrons in plasma 8 in the vicinity that the uniformity of plasma is improved can also be 
of the surfaces of dielectric tubes 10a, 106, 10c, 10a* are 50 achieved even by combining the antenna structures as nec~ 
accelerated by the vibrational electric field of the surface essary. 

waves and they attain a high-energy state. Thus, they excite, Although the number of rod antennas 9a, 96, 9c, 9d and 
dissociate and electrically dissociate neutral gas particles on dielectric tubes 10a, 106, 10c, 10d for introducing micro- 
atoms or molecules and maintain generation of plasma 8. waves is 4 as an example in this embodiment, the number 
As shown in FIG 3 permanent magnets 11 attached 55 does not need to be 4. By introducing microwaves from at 
around vacuum vessel Iform multincusp magnetic field 13 least more than one location, the uniformity of plasma can 
in the vicinity of a wall surface of vacuum vessel 1. be improved. 

Multi-cusp magnetic field 13 causes a so-called magnetic Although dielectric tubes are used in this embodiment, 

mirror effect and acts to confine electrons or ions in plasma dielectric rods 10a, 106, 10c, lOd havmg antennas 9a 96, 

8 to vacuum vessel 1. Especially, multi-cusp-magnetic field 60 9c, 9d buried into a dielectric may be employed. Even when 

13 can increase a magnetic mirror rate for electrons or ions antennas 9a, 96, 9c, 9d as microwave emittmg means are not 

generated in a low magnetic field region at the center of used and dielectric tubes or dielectric rods 10a, 106, 10c, 

vacuum vessel 1, providing an extremely strong magnetic 10d are provided under slits and connected to the waveguide 

confinement effect. By the effect of multi-cusp magnetic as shown in FIGS. 8 and 9, the uniformity of plasma 8 can 

field 13 the loss of plasma 8 in the recombination process 65 also be improved. 

on the wall surface of vacuum vessel 1 can be suppressed Although permanent magnets 11 are used to generate as 

and generated plasma 8 can easily be maintained. multi-cusp magnetic field 13, a line-cusp magnetic field as 
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shown in FIG. 3 in this embodiment, any distribution of 1. Therefore, the microwave generation portion moves with 
magnetic field strength forming a strong magnetic field the passage of time. Thus, the microwaves are controlled in 
region in the vicinity of a wall surface of vacuum vessel 1 a time-divisional manner and uniformly supplied not only m 
and forming a low magnetic field region at the center of the height direction but in the diameter direction Therefore, 
vacuum vessel 1 to which microwaves are introduced, such 5 the uniformity of the plasma density is improved, suppress- 
as a ring-cusp magnetic field or a compound-cusp magnetic ing decrease of the plasma density which is caused by 
field, can achieve the same effect. recombination of electrons and ions in plasma 8 dispersing 
Although waveguide 5 and branch portions 20a, 20b, 20c in the diameter direction. Since the uniformity of plasma 8 
are provided as means for supplying power from microwave in vacuum vessel 1 is improved in this embodiment, an 
oscillator 2 in this embodiment, the same effect can be 10 uniform processing can be performed for substrate 7 pro- 
achieved even by using a coaxial cable or a corrugated tube vided in vacuum vessel 1. When a semiconductor device is 
mstead provided on substrate 7 and subjected to a film formation 
Further, the structure capable of achieving the same effect processing by the plasma CVD method, for example, an 
can be realized even by combining the waveguide, the uniform plasma distribution is available. Thus, improvement 
coaxial cable, the corrugated tube as necessary. is in yield can be expected. 
(Second Embodiment) (Third Embodiment) 

A second embodiment of the present invention will be A third embodiment of the present invention will be 

described below with reference to FIGS. 10-13. described below with reference to FIGS. 12-20. 

As shown in FIG. 10, the plasma generating apparatus As shown in FIG. 12, a device for controlling supply oi 

includes vacuum vessel 1, microwave oscillator 2, driving 20 microwave power in the plasma generating apparatus 

power supply 3 and waveguide 5. Further, vacuum vessel 1 according to this embodiment has a branching unit 30 which 

has gas supply port la for supplying a discharge gas and gas is connected to waveguide 5 and has means for distributing 

evacuation port lb for evacuating the discharge gas inside the microwave power. Branching unit 30 is connected to 

the vessel Substrate 7 to be processed is placed on a lower waveguides Se and 5f and it supplies the microwave power 

side of the interior vacuum vessel 1. On an upper side of 25 to rod antennas 9e and 9/. Rod antennas 9e and 9/ are 

vacuum vessel 1 is provided with a driving device 25 connected to waveguides 5e and 5/, and they emit the 

capable of rotating, in vacuum vessel 1, one rod antenna 9 microwave power from the microwave transmission circuit 

and dielectric tube 10 into which one end of rod antenna 9 The microwave power emitted from rod antennas 9e and 9/ 

inserted The upper end of dielectric tube 10 is connected to pass through dielectric tubes lOe and lOf. Dielectric tubes 

one end of waveguide 5, and the other end of waveguide 5 30 lOe and 10/ are made of quartz, they separate the vacuum 

is connected to microwave oscillator 2 supplied with power atmosphere from the atmosphere, and can pass microwaves 

from driving power supply 3. to be introduced into vacuum vessel 11. 

Permanent magnets 11 are located around vacuum vessel FIGS. 13 and 14 schematically show branching unit 30 

1 Permanent magnets 11 generate cyclotron resonance described in connection with the method for supplying 

region 12 where magnetic strength is about 875 G for 35 microwave power in this embodiment In branching unit 30, 

microwaves having a frequency of 2.45 GHz, for example, switches 35 and 36 are provided which are switching means 

in a magnetic region where the frequency of microwaves for turning ON/OFF supply of the microwave power, 

coincides with the cyclotron frequency of electrons. Perma- Further, a controller 31 is provided ^ being connected to 

nent magnets 11 also generate multi-cusp magnetic field 13 branching unit 30, and it controls ON/OFF of switehes 35 

and equal magnetic field strength lines 14. Rod antenna 9 40 and 36 provided in branching unit 30 with the waveform for 

and dielectric tube 10 for introducing microwaves into switching operation as shown in FIG. 15. FIGS. 16 an 17 

vacuum vessel 1 are located inside vacuum vessel 1, and show the relation between the operation of branching unit 30 

magnetic strength at the microwave introduction portion is in FIGS. 13 and 14 and the generated plasma, 

within 100 G as shown in FIG. 3. In this structure, plasma The operation of the thus structured plasma generating 

8 is produced in vacuum vessel 1. Rod antenna 9 emits 45 apparatus in this embodiment will be described below Since 

microwaves from the microwave transmission circuit. the method for generating and maintaining plasma is the 

Dielectric tube 10 is made of quartz, they separate the same as the first embodiment, the description will not be 

vacuum atmosphere from the atmosphere, and can pass repeated. Here, the method for supplying microwave power 

microwaves to be introduced into vacuum vessel 1. to vacuum vessel 1 will be described. 

Since the operation of the plasma generating apparatus in 50 From microwave oscillator 2, the microwave power is 

this embodiment is almost the same as the plasma generating guided through waveguide 5 to branching unit 30 . The 

apparatus in the first embodiment until the microwaves are microwave power guided to branching unit 30 is distributed 

euided to rod antenna 9 and dielectric tube 10, the descrip- into two directions when controller 31 turns ON switches 35 

tion will not be repeated. After the microwaves are guided and 36 in branching unit 30. The microwave power which is 

to rod antenna 9 and dielectric tube 10, the microwaves are 55 distributed into two directions is introduced trough 

introduced from dielectric tube 10 into vacuum vessel 1 as waveguides 5e and 5/ connected to branching unit 30 and 

in the first embodiment. At this time, however, dielectric through rod antennas 9e and 9/connected to waveguides 5e 

tube 10 is rotated in vacuum vessel 1 by driving device 25 and 5/ into vacuum vessel 1. Thus, the plasma as shown in 

as shown in FIGS. 10 and 11. Therefore, the microwave FIG. 18 is generated. 

introduction portion rotates in vacuum vessel 1 and accord- 60 Although branching unit 30 distributes the microwave 

ingty the plasma generation portion rotates. In a conven- power into two directions in this embodiment, the number of 

tional plasma generating apparatus, rod antenna 109 and directions for distribution can be changed as necessary by 

dielectric tube 110 are provided to introduce microwave using a branching unit which distributes the microwave 

power from one fixed location to vacuum vessel 101 as power into an arbitrary number of directions such as three 

shown in FIG 22. In this embodiment, however, one rod 65 directions or four directions. 

antenna 9 and dielectric tube 10 capable of rotating are Although waveguides 5, Se, 5/ are used as means for 
introduced in a low magnetic field region in vacuum vessel supplying power from microwave oscillator 2 in this 
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embodiment, a coaxial cable or a corrugated tube can be a microwave introducing means for introducing micro- 
used to distribute microwaves. Microwaves can also be waves emitted by said microwave emitting means into 
distributed even by combining waveguide 5 with the coaxial said vacuum vessel; and 

cable and the corrugated tube as necessary. a magnetic field generating means for generating a mag- 
In this embodiment, the microwave power is simulta- 5 netic field in said vacuum vessel; 
neously distributed and supplied from branching unit 30 to wherein said microwave introducing means includes a 
waveguides 5e and 5/. However, the location for oscillating plurality of tube-shaped or rod-shaped dielectric mem- 
the microwave power can be switched as necessary by arran ged in parallel and inserted into said vacuum 
controlling switches 35 and 36 in branching unit 30, as vessel; and 

necessary, using controller 31 as shown in FIGS. 16-18 with 10 ^ magnetic field gene rating means includes a means for 

the waveform for switching operation as shown in FIG. 15. generating a magnetic field strong enough for creating 

Further, by alternately switching between switches 35 and ^ cleclron resonance region with micro- 

36 as shown in FIGS. 13 and 14, plasma 8 generated in waves having a prescribed frequency in the vicinity of 

vacuum vessel 1 is alternately generated in the periphery of ^ waU Qf ^ vacuum vessel ^ a meaDS f or 

rod antennas 9e and 9f as shown in FIGS. 16 and 17. 15 generating a magnetic field of less than or equal to 100 

Therefore, plasma 8 is formed which is not uniform for an Q ^ ^ where ^ plurality of tube-shaped or 

instant but is uniform within a constant unit time. Further, rod-shaped dielectric members of said microwave 

power per rod antenna can be increased compared with a introducing means are located, 

case in which two rod antennas 9e and 9/ are simultaneously 2 ^ plasma geQeratin g apparatus according to claim 1, 

discharged. As a result, energy for introducing the micro- 20 wherein r 

wave power per dielectric tube can be increased when ^crowave emitting me ans has a plurality of anten- 

antennas are alternately discharged in a time-crrvisional * ^ microwave 

mannerif a ? wer supply wimthesame power ^ ^us ^ mitting J zm md anotne r end inserted into each 
plasma of higher density can be generated when strong 

energy of microwaves is alternately generated at one loca- 25 generating apparatus according to claim 1, 

tion in a time-divisional manner than when weak energy of 3. inc piaMu* B c s ff & 

microwaves is simultaneously introduced to two locations. w erem . . . 

In misembodimenuapolarcontactmethodof arelay type said microwave emitting means mcludes a sht which is 

has been described as switches 35 and 36 in branching unit opened near said one end of said dielectric member. 

30. By using a contactless method such as a stub type, 30 4. The plasma generating apparatus according to claim 1, 

plasma of high density can also be generated in a time- further comprising: 

divisional manner. Although one microwave oscillator 2 is driving means for moving, in said vacuum vessel, a 

used together with branching unit 30 for distribution and portion of said microwave emitting means for emitting 

supplying in this embodiment, a microwave oscillator and a the microwaves into said vacuum vessel and said 

waveguide is connected to each one of a plurality of 35 microwave introducing means, 

waveguides connected to a vacuum vessel. 5. The plasma generating apparatus according to claim 1, 

In this embodiment, microwaves are distributed by using wherein 

a T branch and an antenna. However, in order to distribute said microwave transmitting means has microwave dis- 

microwaves, a plurality of slits and corresponding dielectric tributing means for distributing the microwaves gener- 

members may be fixed, and the slits may be controlled so 40 ated from said microwave generating means to supply 

that they are opened successively in a time-divisional man- power to said microwave emitting means, 

ner by a shutter. Plasma of high density can also be gener- 6. The plasma generating apparatus according to claim 1, 

ated in this manner. An example of such a variation is shown wherein 

in FIGS. 19 and 20. Slits 6a, 66, 6c, 6d are provided above microwave emitting means includes means for suc- 

dielectric tubes 10a, 10b, 10c, lOd, and a shutter 26 for 45 cessively and selectively switching a location for emit- 

opening only one of slits 6a, 6b f 6c, 6d and closing others mc microwaves among said plurality of locations, 

is provided on the upper surface of vacuum vessel 1. Slits 7 plasma generating apparatus according to claim 6, 

6a, 6b, 6c, 6d are successively opened by rotating shutter 26 wherein 

in the direction denoted by arrow A iD FIG. 20. M y microwave transmitting means has microwave dis- 

Although the present invention has been described and 50 tributing means for distributing the microwaves gener- 

fllustrated in detail, it is clearly understood that the same is ated ff0m ^ microwave generating means to supply 

by way of illustration and example only and is not to be power to a plurality of said microwave emitting means, 

taken by way of limitation, the spirit and scope of the present and sa * d m i crowaV e distributing means includes 

invention being limited only by the terms of the appended switching means for switching microwave emitting 

claims. 55 means to be supplied with the microwaves among the 

What is claimed is: plurality of said microwave emitting means. 

1. Aplasma generating apparatus for generating plasma in 8 ^ p j asma generating apparatus according to claim 6, 

a prescribed region including a plasma processing region, wherein 

comprising: ^ microwave emitting means includes a plurality of 

a vacuum vessel having said plasma processing region 60 slits bemg O p eoe d near one end of said microwave 

therein and equipped with a vacuum evacuation means; introducing means and a shutter for selectively shutting 

a discharge gas supplying means for supplying a dis- the plurality of slits to switch a slit for emitting the 

charge gas into said vacuum vessel; microwaves among said plurality of slits, 
a microwave emitting means for emitting microwaves 

into said vacuum vessel; ***** 
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(57) ABSTRACT 

In a plasma treatment system, the increase of the electric 
field of a treatment space facing the central portion of a flat 
antenna member is relieved, and the ununiformity of the 
density of plasma in a plasma forming region is relieved. 

Microwave generated by a microwave generator 50 are 
supplied from a waveguide 52 to a flat antenna member 44. 
The flat antenna member 44 has a plurality of slots 60. The 
space between adjacent two of the slots 60 is longer than the 
guide wavelength of microwaves in the waveguide 52, and 
the length of each of the slots 60 is shorter than half of the 
guide wavelength. The slots 60 are arranged in a region other 
than the central portion of the flat antenna member 44 so as 
not to be axisymmetric. 

6 Claims, 15 Drawing Sheets 
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PLASMA TREATMENT SYSTEM 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a plasma treat- 
ment system suitable for a treatment, such as CVD, etching, 
sputtering or ashing. 

2. Description of the Prior Art 

In recent years, with the densification and high definition 
of semiconductor products, a plasma treatment system for 
performing a treatment, such as thin-film deposition, etching 
or ashing, is used in a process for producing semiconductor 
products. 

Conventionally, as plasma treatment systems of this type, 
there are known a system wherein a microwave inlet is 
provided in a plasma producing chamber having a magnetic 
field forming means to form an electron cyclotron resonance 
cavity to draw ions from the plasma producing chamber to 
irradiate a semiconductor wafer with ion beams in a reaction 
chamber (Japanese Patent Publication No. 58-13626), and a 
system for introducing microwaves into a cavity resonator 
from one end thereof through a waveguide to radiate micro- 
waves into a plasma producing chamber from a slot pro- 
vided at the other end of the resonator (Japanese Patent 
Laid-Open No. 63-293825). 

However, since the system disclosed in Japanese Patent 
Publication No. 58-13626 has the plasma producing cham- 
ber and the reaction chamber, there is a problem in that the 
size of the whole system is great. In addition, since the 
system disclosed in Japanese Patent Laid-Open No. 
63-293825 has the cavity resonator and the plasma produc- 
ing chamber, there is the same problem. 

On the other hand, in a plasma treatment system wherein 
a circular microwave radiating plate member (a flat antenna 
member) having spirally or concentrically arranged slots is 
mounted on the tip of a coaxial guide to be arranged in a 
vacuum vessel (a treatment vessel) having a discharge space 
and wherein a sample, such as a semiconductor wafer, 
arranged in the vacuum vessel so as to face the microwave 
radiating plate member is irradiated with microwaves 
(Japanese Patent Laid-open No. 1-184923 and 8-111297), it 
is possible to miniaturize the whole system since the vacuum 
vessel itself has a cavity resonator structure. 

However, in the above described system disclosed in 
Japanese Patent No. 8-111297, there is a problem in that it 
is not possible to input an electric power higher than some 
extent even if a great electric power is intended to be input 
in order to obtain a high density plasma. 

Therefore, the inventors have proposed a plasma treat- 
ment system for solving this problem in Japanese Patent 
Application No. 8-153357 (Japanese Patent Laid-Open No. 
9-181052). In this plasma treatment system, the length of 
each of slots formed in a fiat antenna member and the space 
between adjacent two of the slots are different from those of 
the above described system disclosed in Japanese Patent 
Laid-Open No. 8-111297, so that an electric field exponen- 
tially attenuating as leaving the surface of the flat antenna 
member can be formed in a treatment space in a treatment 
vessel. The radial space between adjacent two of the slots of 
the flat antenna member is set to be preferably in the range 
of from 5% to 50% of the coaxial guide wavelength of 
microwaves (substantially the same value as the coaxial 
guide wavelength in the case of the plasma treatment system 
disclosed in Japanese Patent Laid-Open No. 8-111297), and 
the length of each of the slots is set to be preferably in the 
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range of (V&)±30% of the coaxial guide wavelength (in the 
range of from about Vi of the coaxial guide wavelength to 
about Vi of a free space wavelength in the case of the plasma 
treatment system disclosed in Japanese Patent Laid-Open 

5 No. 8-111297). 

According to the plasma treatment system with this 
construction, since an electric power for producing plasma 
is inputted via an electrostatic field, not via an electromag- 
netic field, there is no upper limit to the input electric power, 

l° so that it is possible to efficiently the electric power 

However, it was revealed that, in this plasma treatment 
system, there is a problem in that the intensity of the electric 
field in the treatment space facing the central portion of the 
flat antenna member increases. The inventors consider that 

15 the reason for this is as follows. The microwaves supplied 
from the inner conductor of the coaxial waveguide to the 
center of the flat antenna member propagate in radial direc- 
tions while being radiated into the treatment space via the 
slots. Since the space between adjacent two of the slots is set 

20 to be the above described value in this plasma treatment 
system, a very small amount of microwaves are radiated 
radially outside via the slots. Therefore, most of the micro- 
waves reflect on a radial edge (the inner wall surface of a 
radial waveguide box of a conductive material) to be 

25 returned. Then, the returned microwaves are radiated radi- 
ally inside via the slots. Since the normal line of each of the 
slots formed-in the flat antenna member passes through the 
center of the flat antenna member, the microwaves radiated 
from the slots concentrate on the treatment space facing the 

30 central portion of the flat antenna member, and the intensity 
of the electric field herein increases. 

In addition, in the above described plasma treatment 
system proposed in Japanese Patent Laid-Open No. 

3S 9-18 1052, it was revealed that the density of plasma directly 
beneath a quartz glass disposed on the bottom surface of the 
flat antenna member, i.e., the density of plasma in a plasma 
forming region, is ununiform. It is considered that the reason 
for this is that, if the slot pattern formed in the flat antenna 

^ member is axisymmetric, the axisym metric coaxial 
waveguide resonates with the axisymmetric flat antenna 
member in an inherent mode. Furthermore, the expression 
"axisymmetric** means that, like a concentric circle, the 
shape of the coaxial waveguide or flat antenna member does 

45 not change even if it is rotated about the center of the flat 
antenna member by an optional angle. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
50 eliminate the aforementioned problems and to provide a 
plasma treatment system capable of relieving the increase of 
the electric field in a treatment space facing the central 
portion of the flat antenna member by devising the length of 
each of slots formed in a flat antenna member, the space 
55 between adjacent two of the slots and the arrangement 
thereof. 

It is another object of the present invention to provide a 
plasma treatment system capable of relieving the ununifor- 
mity of the density of plasma in a plasma forming region by 
60 devising the length of slots formed in a flat antenna member, 
the space between adjacent two of the slots and the arrange- 
ment thereof. 

In order to accomplish the aforementioned and other 
objects, a plasma treatment system comprises: an airtight 
65 treatment vessel housing therein a mounting table for 
mounting thereon an object to be treated; microwave gen- 
erating device for generating a microwave; microwave intro- 
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ducing device for introducing the microwave into the 
treatment-vessel; and a flat antenna member which is con- 
nected to the microwave introducing device and which faces 
the mounting table, the flat antenna member having a 
plurality of slots in a region other than a central portion of 
the flat antenna member, the slots being arranged so as not 
to be axisymmetric with respect to an axis passing through 
the center of the flat antenna member, a space between 
adjacent two of the slots being shorter than a wavelength of 
the microwave in the microwave introducing device, and 
each of the slots having a length shorter than half of the 
wavelength. 

According to the plasma treatment system with this 
construction, while microwaves supplied from the micro- 
wave introducing device to the flat antenna member propa- 
gate in radial directions of the flat antenna member, a small 
amount of microwaves are radiated radially outside via the 
slots. Most of microwaves reflect on the radial edge to be 
returned. During this process, the microwaves are radiated 
radially inside via the slots. Although the microwaves radi- 
ated while propagating in the radial directions are synthe- 
sized with the microwaves radiated while reflecting to be 
returned, the electric field of the radiated microwaves is 
prevented from increasing in the treatment space facing the 
central portion of the flat antenna member since the slots are 
arranged so as not to be axisymmetric. The expression "not 
to be axisymmetric" means that, when the flat antenna 
member is rotated about an axis passing through the center 
of the flat antenna member by an optional angle, the flat 
antenna member before the rotation is not coincident with 
the flat antenna member after the rotation. The axis passing 
through the center of the flat antenna member means a line 
which passes through the center of the flat antenna member 
and which is perpendicular to the surface of the flat antenna 
member. 

In addition, since the microwaves supplied from the 
microwave introducing device to the center of the flat 
antenna member propagate in directions offset from the 
radial directions of the flat antenna member when being 
radiated into the treatment space via the slots, it is possible 
to avoid the resonance of the waveguide 52 with the flat 
antenna member 44. By these two functions, it is possible to 
produce uniform plasma onto the mounting table. 

Moreover, since the microwaves radiated in radial direc- 
tions have an electric field component perpendicular to the 
surface of the antenna member, molecules of a plasma gas 
supplied into the treatment vessel can be efficiently heated 
by the electric field component. As a result, the efficiency for 
absorbing the electric power is improved, so that it is 
possible to efficiently produce plasma. 

According to the present invention, since the slots are 
arranged in the region other than the central portion of the 
flat antenna so as not to be axisymmetric, it is possible to 
relieve the increase of the electric field of microwaves, 
which are radiated from the flat antenna, in the treatment 
vessel facing the central portion of the flat antenna member, 
and it is possible to relieve the ununiformity of the density 
of plasma in the plasma forming region. Thus, it is possible 
to produce uniform plasma onto the mounting table. In 
addition, it is possible to efficiently produce plasma by the 
electric field component of microwaves radiated substan- 
tially in radial directions from the flat antenna member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from 
the detailed description given herebelow and from the 
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accompanying drawings of the preferred embodiments of 
the invention. However, the drawings are not intended to 
imply limitation of the invention to a specific embodiment, 
but are for explanation and understanding only. 
5 In the drawings: 

FIG. 1 is a sectional view of a preferred embodiment of 
a plasma treatment system according to the present inven- 
tion; 

FIG. 2 is a schematic diagram for explaining slots in an 
antenna member of FIG. 1; 

FIG. 3 is a schematic diagram for explaining an example 
of a procedure for forming a slot pattern; 

FIG. 4 is a schematic diagram showing an example of a 
15 slot pattern formed by the -procedure -of FIG. 3; 

FIG. 5 is a schematic diagram for explaining a rule for 
forming another slot pattern; 

FIG. 6 is a schematic diagram for explaining a rule for 
forming another slot pattern; 
20 FIG. 7 is a schematic diagram for explaining a rule for 
forming a further slot pattern; 

FIG. 8 is a schematic diagram for explaining a rule for 
forming a still further slot pattern; 
25 FIG . 9 is schematic diagram showing an example of a slot 
pattern corresponding to FIG. 5; 

FIG. 10 is a schematic diagram showing another example 
of a slot pattern corresponding to FIG. 5; 

FIG. 11 is a schematic diagram showing a further example 
30 of a slot pattern corresponding to FIG. 5; 

FIG. 12 is a schematic diagram showing a still further 
example of a slot pattern corresponding to FIG. 5; 

FIG. 13 is a schematic diagram showing an example of a 
35 slot pattern corresponding to FIG. 7; 

FIG. 14 is a schematic diagram showing an example of a 
slot pattern corresponding to FIG. 8; and 

FIG. 15 is a schematic diagram showing another example 
of a slot pattern. 

40 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the accompanying drawings, a preferred 
embodiment of a plasma treatment system according to the 

4S present invention will be described in detail below. FIG. 1 is 
a sectional view of a preferred embodiment of a plasma 
treatment system according to the present invention. 
In this preferred embodiment, a plasma treatment system 

50 applied to a plasma etching system will be described. As 
shown in FIG. 1, a plasma etching system 2 has a cylindrical 
treatment vessel 4 having a side wall and a bottom which are 
made of a conductive material, such as aluminum. The 
treatment vessel 4 defines therein a closed treatment space 

55 SR 

The treatment vessel 4 houses therein a mounting table 6 
for mounting thereon-a semiconductor wafer W serving as 
an object to be treated. The mounting table 6 is made of 
aluminum treated with alumite, and has a substantially 

60 cylindrical shape having a convex flat central portion. The 
bottom of the mounting plate 6 is supported on a cylindrical 
supporting table 8 of aluminum. The supporting table 8 is 
mounted on the bottom of the treatment vessel 4 via an 
insulating material 10. 

65 On the top surface of the mounting table 6, an electrostatic 
chuck and clamp mechanism (not shown) for holding the 
wafer are mounted. The mounting table 6 is connected to a 
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matching pump 14 and a biasing high-frequency power The flat antenna member 44 comprises a disk of a 

supply 16 of, e.g., 13.56 MHz, via a feeder 12. The sup- conductive material, e.g., a copper disk, having, e.g., a 

porting table 8 for supporting thereon the mounting table 6 diameter of 50 cm and a thickness of about 0.1 to 2.0 mm, 

is provided with a cooling jacket 18 for allowing cooling preferably 0.3 to 1.0 mm. 

water to pass therethrough for cooling the wafer during a 5 Referring to FIG. 2, the characteristics of slots formed in 
plasma treatment. The side wall of the treatment vessel 4 is *e flat antenna member 44 will be described below. In this 
provided with a plasma gas supply nozzle 20 of a quartz pipe fig" re > U« center 44Aof the disk-shaped antenna member 44 
for supplying a plasma gas, e.g., argon gas, into the vessel, and thrce slots ^ 606 md 60C m shown - 
and a treatment gas supply nozzle 22 of, e.g., a quartz pipe, The length LI of each slot is set to meet the condition of 
for introducing a treatment gas, e.g., an etching gas. These io 0<Ll<Xg/2 wherein Xg is a waveguide wavelength of micro- 
nozzles 20, 22 are connected to a plasma gas source 36 and waves - ^ lengths of the respective slots are not required to 
a treatment gas source 38 by means of gas supply paths 24, b / equal to each other as long as the lengths meet the above 
26 via mass flow controllers 28, 30 and shutiTff valves 32, described condition. For example, me penpheral portion 
34,res P ^nvely.Tlieetchinggasservinga S th e treatmentgas thereof may be longer than another portion. The length LI 
u ™ Att7 r>c tt. ♦ - i f. u , c of each slot is set to be preferably in the range of 
may be CF 3 , CHF 3 or CF 4 gas. The outer periphery oftheis * 3 & 

side wall of the treatment vessel 4 is provided with a gate ^ ~ = Al & / ' . . _ _ „ . 

valve 40 which is open and closed when introducing/ A slot space L2 is set to meet the condition of 0<L2<Xg. 

discharging the wafer into/from the treatment vessel 4. ™ c slot SP«» is defined as the difference between distances 

^, , t , A between the center 44A of the disk-shaped antenna member 

Moreover, an oudet 42 connected to a vacuum pump (not ^ and ^ rf ^ Qne of which fa ^ 

shown) is formed in the bottom of the treatment vessel 4 to 20 ^ ^ ^ ^ ^ ^ rf ^ fc & ^ 

evacuate the treatment vessel 4 to a predetermined pressure nearest to ^ refereoce slot For exampK ^ ^ case of no. 

if necessary. 2 ^ the between tne sJots goB and 60C is the difference 

On the other hand, the top of the treatment vessel 4 is between a distance L3 between the center 60BO of the slot 

provided with a fiat antenna member 44 for forming an 60B and the center 44A of the disk-shaped antenna member 

electrostatic field. The flat antenna member 44 is formed as 44 and a distance IA between the center 60CO of the slot 

the bottom of a radial waveguide box 46 of a low cylindrical 6 qq and me center 44 A 0 f tne disk-shaped antenna member 

hollow vessel The radial waveguide box 46 is arranged so 44 similar to the length of the slot, the slot spaces are not 

as to face the mounting table 6. The radial waveguide box 46 required to be equal to each other. For example, the periph- 

is substantially disk-shaped and made of a conductive ^ eral port ion may be shorter than other portions. The slot 

material, e.g., aluminum. Over the whole bottom surface of space L2 i s se t to be preferably in the range of 

the antenna member 44, a quartz glass plate 48 having a Xg/33^L2^Xg/2, and is set to be more preferably in the 

thickness of, e.g., 2 mm, is airtightly provided as a protective range of "kg/20 ^ L2 ^ Xg/4. 

plate for protecting the antenna member 44 from plasma The length of each sbt fa greater ^ me mereof 

while airtightly holding the interior of the radial waveguide ^ end portioDS of each slot ^ longitudinal directions are 

box 46. In place of the quarts glass plate 48, a ceramic thin ^ of each sk)t fc preferably m the range 0 f 

plate or the like may be used as the protective plate. from lto4 mm 

One end of the outer tube 52A of a waveguide 52 is Each slot ^ or i ente d so that the normal line VL thereof 

connected to the central portion of the top surface of the does not pass through the central portion of the disk-shaped 

radial waveguide box 46, and the other end thereof is ^ antenna member 44. The normal line of a slot means a 

connected to a microwave generator 50 of, e.g., 2.45 GHz. straight line perpendicular to a longitudinal direction of the 

The inner cable 52B of the waveguide 52 is connected to or slot at me center thereof. Thus, since each slot is oriented so 

slightly spaced from the central portion of the disk-shaped mat me norma i ii ae VL thereof does not pass through the 

antenna member 44. In the figure, the inner cable 52B is central portion of the disk-shaped antenna member 44, the 

connected to the central portion of the disk-shaped antenna 45 increase of the electric field in the treatment space facing the 

member 44. While the coaxial waveguide has been used as cerird portion of the flat antenna member is relieved even 

an example of a waveguide, a circular sectional or rectan- if microwaves reflecting on the inner wall surface of the 

gular waveguide may be used. radial wave guide 46 to be returned pass through the slots to 

At the connecting portion of the waveguide 52 to the be radiated radially inside. In addition, the fact that each slot 

radial waveguide box 46, a sealing material 58 of, e.g., a 50 is oriented so that the normal line VL thereof does not pass 

ceramic seal, is airtightly provided in the waveguide 52 by through the central portion of the disk-shaped antenna 

brazing or the like to hold the vacuum in the radial member 44 means that the slot pattern is not axisymmetric. 

waveguide box 46. Therefore, microwaves supplied from the inner conductor 

On the other hand, the radial waveguide box 46 houses 52B of the waveguide 52 to the center of the flat antenna 

therein a dielectric 62 having a predetermined dielectric 55 member 44 propagate in directions offset from the radial 

constant for decreasing the wavelength of microwaves, directions of the flat antenna member 44 when being radi- 

which are supplied to the flat antenna member, to be a ated into the treatment space via the slots. Thus, it is possible 

shorter guide wavelength. The dielectric 62 may be a avoid the resonance between microwaves within the radial 

material having a small dielectric loss, such as A^O^, Al or waveguide box 46 and microwaves radiated through the slot 

SiN. The distance D between the bottom surface of the flat 60 into the closed, treatment space SP so that it is possible to 

antenna member 44 and the top mounting surface of the relieve the ununiformity of the density, 

mounting table 6 is set to be in the range of, e.g., from about Referring to FIG. 3, an example of a method for forming 

5 cm to about 10 cm, so that the treatment space SP is such a slot pattern will be described below. Such a slot 

divided into a plasma forming region SP10 and a process pattern may be formed by the following steps (1-1) through 

region SP20, in which treatment is actually performed with 65 (1-8). 

active species of plasma diffusing from the plasma forming (1-1) Draw an optional straight line A passing through the 

region SP10. center 0 of a flat antenna member ANT. 
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(1-2) Take a point B apart from the center O by a distance 
La (La>0). 

(1-3) Draw a straight line C which passes through the point 
B and which is perpendicular to the straight line A. For 
example, the straight line C may only a half counterclock- 
wise with respect to the straight line A. 
(1-4) Take a point E on the straight line C so as to be apart 
from the point B by a distance Lb (Lb^O). 
(1-5) Arrange a slot SI which passes through the point E and 
which is perpendicular to the straight line C. It is assumed 
that the length of the slot SI is SL1 (SL1>0) and that the 
point E is the center of the slot SI. 

(1-6) Sequentially arrange slots Sx in the opposite direction 
to the point B with respect to the point E so as to be apart 
from the point E by a predetermined distance SSx (x is an 
integer from 2 to N). The slots Sx are arranged to the 
outermost periphery of the flat antenna member ANT. 
Furthermore, FIG. 3 shows slots SI through S4. 
(1-7) Take a point W on the straight line A in the opposite 
direction to the point B with respect to the point O so as to 
be apart from the point O by a distance La' (La'>0). 
(1-8) carry out the above described steps (1-3) through (1-6) 
to obtain a straight line C, a point E' and slots Sx' (x* is an 
integer from 1 to N). The values La, La', Lb and Lb' (Lb' is 
not shown) are adjusted so that Sx' does not interfere with 
Sx. 

(1-9) Rotate the straight line A, e.g., clockwise by a prede- 
termined angle © to obtain a straight line Al. In the figure, 
e is about 45°. 

(1-10) Carry out the above described steps (1-2) through 
(1-8) to arrange slots on two straight lines CI and CI' (not 
shown) which are perpendicular to the straight line Al and 
which are in the opposite directions with respect to the 
center O. 

(1-11) Change the rotation angle 0 to repeat the above 
described steps (1-9) and (1-10) until there is no blank in the 
outer peripheral portion of the antenna. 

Furthermore, a curve passing through the point B may be 
prepared in place of the straight line C, and slots may be 
arranged thereon. While each of the numbers of straight 
lines C, C and CI, CI', which are perpendicular to the 
straight lines A and Al, respectively, has been two, it should 
not be limited to two, but an optional even or odd number 
may be selected. When an odd number is selected, slots SI', 
S2', S3', S4', . . . , may be formed on, e.g., the straight line 
C perpendicular to the straight line A. 

Id the above described procedure, the values La and Lb 
are preferably set so that a blank region (a region wherein no 
slot is formed) exists in a region having a radius which is not 
less than the outside dimension of the inner conductor of the 
waveguide, preferably a region having a radius which is not 
less than the inner diameter of the outer conductor of the 
waveguide and which is not greater than the guide wave- 
length. Because the state of the electromagnetic field of 
microwaves in that region is different from that in another 
place, e.g., in a place apart from the center by about one 
wavelength. In addition, because the orientation of the 
vector of the electromagnetic field changes to disturb the 
electromagnetic field in the connecting portion of the 
waveguide to the flat antenna member, so that it is required 
to prevent slots from being provided in a region wherein the 
disturbance of the electromagnetic field does not converge to 
some extent. Moreover, because it is required to relieve the 
increase of the electric field of the treatment space facing the 
central portion of the flat antenna member ANT and to 
relieve the ununiformity of the density of plasma directly 
beneath the flat antenna member. 
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Furthermore, while the slots shown in FIG. 3 have a 
rectangular shape for convenience, the slots preferably have 
an elliptic shape as shown in FIG. 2. when the radius of 
curvature at both end portions is r, the width of each slot is 
5 2r. 

FIG. 4 shows an example of a slot pattern completed by 
the procedure shown in FIG. 3. In this slot pattern, slots are 
arranged on 48 straight lines. The 48 straight lines are 
divided into 12 sets of four lines. In this figure, straight lines 
corresponding to the straight lines A, C, C, Al, CI and CI' 

10 of FIG. 3 are shown by thick lines, to which signs are applied 
(however, the straight line Al is rotated clockwise from the 
straight line A by about 45° in FIG. 3, but by about 30° in 
FIG. 4). Each set of straight lines intersect at a region, in 
which no slot is formed. The center of each slot exists on the 

15 straight line, and the normal line of each slot is oriented in 
the same direction as that of the straight line. Furthermore, 
in this slot pattern, each set of four straight lines may be 
parallel to each other. In addition, the normal lines of slots 
on each straight line are not required to be oriented in the 

20 same direction. Moreover, the centers of the slots are not 
required to be arranged on the straight line. 

Referring to FIGS. 5 through 8, slot patterns different 
from those in FIG. 3 and FIG. 4 will be described below. 
These slot patterns have the same features as the three 

25 features described referring to FIG. 3, i.e., the three features 
that the length of each slot is smallerthan Xg/2, the slot space 
is smaller than Xg, and the blank region is provided in the 
central portion. However, the normal line of each slot may 
or may not pass through the central portion of the flat 

30 antenna member. These slot patterns are arranged in the 
following rules (2-1) through (2-9). 

Furthermore, for example, the blank region of the central 
portion is a region facing an end opening facing the flat 
antenna member 44 of the waveguide 52, and the region 

35 other than the central portion of the flat antenna member 44 
is a region outside the blank region. 
(2-1) Slots are arranged on the sides of an imaginary 
polygon on the antenna surface of the flat antenna member. 
The polygon is preferably any one of a quadrangle to an 

40 octagon. FIG. 5 shows an example of a quadrangle, and 
FIGS. 6 through 8 show examples of hexagons. 
(2-2) A common center is arranged outside of a polygon 
formed in the central portion of the flat antenna member, and 
a plurality of polygons having gradually increasing sides are 

45 formed. The space between substantially parallel two sides 
is set to be 50% or less of the guide wavelength Xg, 
preferably about 30% through 2% thereof. 
(2-3) The above described space between the two sides is 
variable on a plane. For example, the central portion is 10% 

so of Kg, the peripheral portion is about 3% thereof, and the 
portion therebetween is linearly interpolated. 
(2-4) The polygons are preferably gradually rotated about 
the center as approaching the outside from the central 
portion. 

55 The rotation angle is preferably about {360/2N} 0 to 
{360/N}° wherein N is the number of sides of a polygon. 
Therefore, assuming that the number of polygons formed on 
a plane is M, the difference between the rotation angles of 
adjacent polygons is preferably {360/2N M}° to {360/ 

60 NM}°. 

In FIG. 5, polygons are rotated clockwise every 1°. In 
FIG. 6, polygons are rotated clockwise every 0.7°. 
Furthermore, in a region where the distance between the 
sides of adjacent polygons decreases, slots are suitably 
65 thinned out. 

(2-5) The rotation of the polygons should not be limited to 
a simple rotation in one direction, but it may be combined 
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with a reverse rotation. For example, when 40 hexagons are (1-8) and from the slot pattern based on the above described 

formed in a plane, the second to twentieth hexagons from the rules (2-1) through (2-9). This slot pattern also has four 

center are rotated clockwise every 3°, the twenty-first hexa- features that the length of each slot is shorter than Kg/2, the 

gon is rotated counterclockwise every 15°, and the twenty- slot space is less thanXg, the normal line of each slot does 

second to fortieth hexagons are rotated counterclockwise 5 not pass through the central portion of the flat antenna 

every 3 . member, and the blank region is provided in the central 

In the pattern shown in FIG. 8, 48 hexagons are formed portion, 

in a plane, the second to twenty-first hexagons from the This slot pattern is formed by the following procedure, 

center are rotated clockwise every 1.5°, and the twenty- First, an imaginary matrix pattern or check pattern is formed 

second to forty-eighth hexagons from the center are rotated on a plane of a flat antenna member. That is, a plurality of 

counterclockwise every 1.5°. parallel straight lines-are-drawn in longitudinal and lateral 

(2-6) The respective sides of polygons should not be limited directions. Then, a slot is arranged on each of the intersec- 

to closed sides, but one side of a polygon may be connected tions of the straight lines perpendicular to each other. The 

to the vertex of the next outside polygon to continuously slot located at each of the intersections is called a center slot, 

form sides. FIG. 7 is an example of a hexagon. Alternatively, The orientation of the center slot is set so that the respective 
a polygon having closed sides may be mixed with a polygon 15 normal lines do not pass through the central portion of the 

having unclosed sides in a plane. flat antenna member. Then, some slots are arranged on both 

(2-7) The shape of a plane, in which slots are formed to form sides of each center slot (only inside in the outer peripheral 

a flat antenna member, is a circle or polygon. For example, portion). The slots arranged on both sides of each center slot 

in accordance with the shape of an object to be treated, the are oriented in the same direction as that of each center slot, 
shape of the plane is set to be a circle when the object is a 20 The center slot and the slots on both sides thereof (only 

circular wafer, and a quadrangle when the object is a square inside in the outer peripheral portion) constitute one group 

LCD. of slots. Furthermore, the center slot may be arranged at the 

(2-8) The lengths of the slots may be fixed or variable in a center of each quadrangle formed by straight lines perpen- 

plane. For example, the lengths of the slots may increases as dicular to each other, not at the intersection of the straight 

approaching the peripheral portion from the central portion. 25 lines, and some slots may be arranged on both sides thereof. 

Thus, it is possible to avoid the decrease of the density of With the above described construction, the operation of 

plasma produced in a treatment space facing the peripheral the plasma treatment system in this preferred embodiment 

portion. will be described below. First, the semiconductor wafer W is 

(2-9) As described referring to FIG. 2, each slot preferably introduced into the treatment vessel 4 via the gate valve 40 

has an elliptic shape, and both end portions thereof in 30 by means of a transport arm, and the wafer W is mounted on 

longitudinal directions are preferably round. The width of the mounting top surface of the mounting table 6 by verti- 

each slot is preferably in the range of from 1 to 4 mm. The cally moving a lifter pin (not shown), 

length of each slot is preferably in the range of from V10 to Then, a vacuum pump is operated to hold the pressure in 

below ¥t of Xg. the treatment vessel 4 to be a predetermined process 

FIGS. 9 through 13 show examples of slot patterns 35 pressure, e.g.,in the range of from 0.1 to tens mTorr, and the 

formed in accordance with the above described rules (2-1) mass flow controller 28 and the shut-off valve 32 are 

through (2-9). operated to supply argon gas from the plasma gas supply 

The slot pattern of FIG. 9 corresponds to that of FIG. 5. nozzle 20 while controlling the flow thereof! In addition, the 

This pattern is formed on a circular plane. In this pattern, the mass flow controller 30 and the shut-off valve 34 are 

sides of each quadrangle are rotated clockwise every 1° as 40 operated to supply an etching gas, e.g., CF 4 gas, from the 

approaching the outside. treatment gas supply nozzle 22 while controlling the flow 

The slot pattern of FIG. 10 also corresponds to that of thereof. Simultaneously, microwaves are supplied from the 

FIG. 5. This pattern is formed on a quadrangular plane. In microwave generator 50 to the antenna member 44 via the 

this pattern, the sides of each quadrangle are rotated clock- waveguide 52 to form an electric field in the treatment space 

wise every 1° as approaching the outside. Also in this 45 SP to produce plasma to carry out an etching treatment, 

pattern, slots formed on adjacent sides in lateral directions The microwaves of, e.g., 2.45 GHz, generated by the 

are alternately offset in longitudinal directions. microwave generator 50 propagate through the coaxial 

The slot pattern of FIG. 11 basically corresponds to that waveguide 52 in a TEM mode to reach the antenna member 

of FIG. 5. However, in this pattern, the sides of each 44 of the radial waveguide box 46. While the microwaves 

quadrangle are not rotated. 50 propagate from the center of the flat antenna member 44, 

The slot pattern of FIG. 12 corresponds to that of FIG. 6. which is connected to the inner cable 52B, radially to the 

This pattern is formed on a circular plane. In this pattern, the peripheral portion, the microwaves are radiated into the 

sides of each hexagon are rotated clockwise every 0.7° as upper portion of the treatment space SP directly beneath the 

approaching the outside. Also in this pattern, slots formed on antenna member, specifically into the plasma forming region 

adjacent sides in lateral directions are alternately offset in 55 SP10 substantially in radial directions, via the large number 

longitudinal directions. of slots 60 formed in the antenna member 44. In addition, the 

The slot pattern of FIG. 13 corresponds to that of FIG. 7. microwaves which are radiated from the slots 60 and which 

This pattern is formed on a circular plane. In this pattern, the are reflected on the radial edges of the flat antenna member 

sides of each hexagon are rotated clockwise every 0.7' as (the inner wall surface of the radial waveguide box 46) to be 

approaching the outside. 60 returned are also radiated to the plasma forming region SP10 

The slot pattern of FIG. 14 corresponds to that of FIG. 8. substantially in radial directions. Since substantially radially 

This pattern is formed on a circular plane. In this pattern, the radiated microwaves have an electric field component per- 

sides of the second to twenty-first hexagons are rotated pendicular to the plane of the flat antenna member 44, argon 

clockwise every 3°, and the sides of the twenty-second to gas excited by the electric field component is activated as 

outermost hexagons are rotated counterclockwise every 3°. 65 plasma to be diffused in the process region SP20 to activate 

FIG. 15 shows a slot pattern which is different from the the treatment gas to form active species to treat, e.g., to etch, 

slot pattern based on the above described steps (1-1) through the wafer W with the active species. 
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la this preferred embodiment, since the length of each 
slot, the space between the slots, and the orientation of each 
slot are set as described above, the microwaves reflected on 
the radial edges of the flat antenna member to be returned are 
radiated substantially radially inside via the slots. However, 
since the arrangement of the slots is not axisymmetric, it is 
possible to relieve the increase of the electric field in the 
plasma forming region SP10 facing the central portion of the 
flat antenna member. In addition, since the arrangement of 
the slots is not axisymmetric, the microwaves supplied from 
the inner conductor 52B of the waveguide 52 to the center 
of the flat antenna member 44 propagate in directions offset 
from the radial directions of the flat antenna member 44 
when being radiated into the treatment space through the 
slots. Thus, it is possible to avoid the resonance between 
microwaves within the radial waveguide box 46 and micro- 
waves radiated through the slot into the closed, treatment 
space SP, so that it is possible to relieve the ununiformity of 
the density of plasma directly beneath the flat antenna 
member 44. As a result, it is possible to produce uniform 
plasma in the process region SP20. 

While the present invention has been disclosed in terms of 
the preferred embodiment in order to facilitate better under- 
standing thereof, it should be appreciated that the invention 
can be embodied in various ways without departing from the 
principle of the invention. Therefore, the invention should 
be understood to include all possible embodiments and 
modification to the shown embodiments which can be 
embodied without departing from the principle of the inven- 
tion as set forth in the appended claims. 
What is claimed is: 

1. A plasma treatment system comprising: 

an airtight treatment vessel housing therein a mounting 

table for mounting thereon an object to be treated; 
a microwave generating device for generating a micro- 
wave; 

a microwave introducing device for introducing said 
microwave into said treatment vessel; and 

a flat antenna member which is connected to said micro- 
wave introducing device and which faces said mount- 
ing table, said flat antenna member having a plurality of 
slots in a region other than a central portion of said flat 
antenna member, said slots being arranged so as not to 
be axisymmetric with respect to an axis passing , 
through the center of said flat antenna member, a slot 
space for two of said slots being shorter than a wave- 
length of said microwave in said microwave introduc- 
ing device, and each of said slots having a length 
shorter than half of said wavelength, 
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wherein said slots are arranged so that a normal line of 
each of said slots does not pass through said central 
portion of said flat antenna member and said slots are 
arranged on and perpendicular to a plurality of straight 
lines which are imaginatively formed on a plane of said 
flat antenna member and which do not pass through 
said central portion of said flat antenna member. 

2. A plasma treatment system as set forth in claim 1, 
wherein said microwave introducing device is a coaxial 
waveguide. 

3. A plasma treatment system as set forth in claim 2, 
wherein said microwave introducing device has an end 
opening for allowing said microwave to be radiated toward 
said flat antenna member, and said region other than the 
central portion of said flat antenna member is a region 
outside a region facing said end opening. 

4. A plasma treatment system as set forth in claim 1, 
wherein said slots are arranged on said straight lines so that 
the orientation of said normal line of each of said slots is the 
same as those of said straight lines. 

5. A plasma treatment system as set forth in claim 1, 
wherein said plurality of slots have different lengths. 

6. A plasma treatment system comprising: 

an airtight treatment vessel housing therein a mounting 
table for mounting thereon an object to be treated; 

a microwave generating device for generating a micro- 
wave; 

a microwave introducing device for introducing said 
microwave into said treatment vessel; and 

a flat antenna member which is connected to said micro- 
wave introducing device and which faces said mount- 
ing table, said flat antenna member having a plurality of 
slots in a region other than a central portion of said flat 
antenna member, said slots being arranged so as not to 
be axisymmetric with respect to an axis passing 
through the center of said flat antenna member, a slot 
space for two of said slots being shorter than a wave- 
length of said microwave in said microwave introduc- 
ing device, and each of said slots having a length 
shorter than half of said wavelength, 

wherein said slots are arranged so that a normal line of 
each of said slots does not pass through said central 
portion of said flat antenna member and said plurality 
of slots comprise a group of slots arranged in the form 
of a matrix on a plane of said flat antenna member. 
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